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CHAPTER ONE 
INTRODUCTION 
The research described in this paper is in the broadest sense an attempt 
to understand more fully the way in which the human auditory system processes 
the information present in acoustic waveforms. The particular approach 
employed in the experiment reported here is that of measuring changes in the 
ability of an observer to detect a signal in a background of noise as a 
function of changes in the acoustic stimulus presented to him. Data from 
such an experiment may indicate which parameters of the stimulus provide 
information of use to the observer and may permit inferences about the mode 
of extraction of this information by the auditory system. 
The specific detection problem examined in the present experiment is that 
confronting a human observer as he attempts to detect tonal signals of various 
durations masked by noise under both monaural and binaural conditions of 
stimulus presentation. Previous research has indicated a number of important 
stimulus parameters which affect the performance of an observer in such a 
detection situation. In order to simplify the review of the experimental 
literature, studies dealing with monaural detection will be examined prior to 
the discussion of relevant binaural data. 
Monaural Literature 
Although research dealing with the detection of acoustic stimuli b~gan in 
the early nineteenth century (Boring, 1942), the relationship between the 
duration of auditory signals and their detection by human observers was not 
systematically investigated until the pioneer work of Garner and Miller 
(1945, 1947). They investigated the ability of human observers to detect a 
1 
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tonal signal in a broad-band noise background as a function of the duration 
of the signal. Their results indicated that as the signal duration, plotted 
logarithmically, increased within a range of duration from 12.5 msec to 
200 msec, the signal-to-noise ratio, expressed in decibels, (the decibel 
ratio of signal power to noise power-per-unit-bandwidth) necessary for a 
threshold level of performance decreased linearly. The rate of this decrease 
was 10 dB per log unit increase in signal duration. Thus, for every log 
unit increase in the duration of the signal, the signal-to-noise ratio required 
to make the signal just audible could be decreased by 10 dB. This rate of 
threshold decrease diminished at signal durations greater than 200 msec. The 
signal-to-noise ratio at threshold appeared to approach an asymptotic value 
near a signal duration of l sec. 
The rate of threshold decrease over the range of signal durations from 
12.5 msec to 200 msec is the rate at which the acoustic energy of a tone 
burst increases as its duration increases (10 dB per log unit increase in 
duration, or 3 dB per doubling of duration). As a result, Garner and Miller 
interpreted these data as evidence that the auditory system integrates 
acoustic power of a signal perfectly up to a signal duration of 200 msec. 
They viewed the decrease in the rate of threshold change for signal 
durations greater than 200 msec as indicating less efficient integration of 
signal power by the auditory system, and concluded that this integration 
ceases by a signal duration of l sec. 
Measuring changes in absolute threshold rather than in masked threshold, 
Garner (1947) extended this work to signal durations shorter than 12.5 msec 
for a variety of acoustic signals. As the duration of a 4000 Hz tonal signal 
was decreased from 100 msec to l msec, he found that the threshold for the 
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signal, expressed in decibels, increased linearly at a constant rate of 
3 dB per halving of signal duration. Stated differently, as the duration of 
this signal was halved, the threshold for the signal increased at the same 
rate as its acoustic energy decreased. Decreasing the duration of a 1000 Hz 
tone to about 4 msec also resulted in a threshold increase at a rate of 3 dB 
per halving of the duration of the signal. For durations less than 4 msec, 
however, the rate of threshold increase became about 5 dB per halving. 
Garner's interpretation of these data was based on the changes in the 
amount and in the spectral distribution of signal energy which occurred as 
the duration of the signal decreased. In general the energy of a voltage 
or pressure waveform, y(t), is given by 
T 
E = f 2 
0 y(t) dt, 
where T is the duration of the waveform. If the temporal envelope of the 
waveform is rectangular, the energy of the waveform is simply its power 
multiplied by its duration. Therefore, as the duration of a tone burst 
decreases, the total energy of the burst decreases. In addition, as the 
burst becomes shorter, its energy is effectively spread over a wider fre-
quency band. The half-power bandwidth of such a tone burst is approximately 
equal to the reciprocal of its duration. 1 Garner therefore attributed the 
accelerated increase in threshold which he obtained for durations of the 
1000 Hz tone less than about 4 msec to the loss of signal energy from the 
band frequencies around the signal frequency over which acoustic power is 
integrated by the auditory system in the detection process. Garner inter-
preted the constant slope of the function relating threshold to signal duration 
obtained for the 4000 Hz tonal signal as indicating an increase in the width 
of this integration band with increasing signal frequency. 
4· 
The explanation proposed by Garner for the accelerated increase in 
threshold obtained at short signal durations was later referred to as the 
"diverted input hypothesis" by Licklider (1951), since it assumed that some 
portion of the energy of the signal was not contributing to the detection 
process. Such an explanation implies that the-auditory system functions in 
the detection task as an array of bandpass filters. Since this conception 
underlies many of the studies to be reviewed below, a brief digression into 
its origins is required. 
This "filtering" approach to the functioning of the auditory system had 
its beginnings in the early attempts to explain the frequency selectivity 
of the auditory system and in the early studies of cochlear anatomy. In the 
psychoacoustic literature the empirical basis for such a view stems from the 
work of Fletcher (1940) on the effectiveness of bands of noise of various 
widths in masking a tonal signal. Briefly, Fletcher (1940) measured the 
thresholds for tonal signals of various frequencies masked by bands of noise 
of various widths centered at the frequency of the signal. He found that as 
the bandwidth of the masking noise was reduced, detection performance remained 
constant until a certain bandwidth was reached. Further reduction in the 
bandwidth of the noise yielded continuing improvement in detection performance. 
Fletcher found that this bandwidth was a relatively constant 65 Hz for signal 
frequencies lower than 1000 Hz, but that it increased with increasing signal 
frequency. This bandwidth became known as the critical band. 
Since the early work of Fletcher (1940), subsequent investigators have 
used a variety of methods to measure the critical band (Scharf, 1971). Often 
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these methods yielded estimates of critical band width which were very 
different from those made by Fletcher. 2 A technique which is particularly 
relevant to the present research was employed by Swets, Green, and Tanner 
(1962) in an attempt to measure the bandwidth of the auditory system in the 
detection process. After measuring the detectability of a 1000 Hz tone as 
a function of the bandwidth of a narrow-band noise used to mask it, they 
determined the power of a broad-band noise required to yield detectability 
equal to that obtained with each narrow-band noise. The authors then pro-
posed internal filters of various shapes and widths which, when in series with 
the external narrow-band filter employed, would yield a power at their output 
equal to the power of the broad-band noise which had yielded equivalent 
detectability. When an ideal rectangular band was asswned for the internal 
filter, their estimates of its width ranged from 88 Hz to 103 Hz for different 
observers. When the internal filter was assumed to have the shape of a single-
tuned filter, however, the estimates for the various observers ranged from 
36 Hz to 46 Hz. 
Using a procedure similar to that employed by Fletcher (1940), Hamilton 
(1957) investigated the effect of various combinations of signal duration and 
masker bandwidth on the detection of tone bursts by human observers. Those 
conditions in which the masker was a broad-band noise were similar to the 
detection situations investigated by Garner and Miller (1945, 1947). For broad-
band maskers Hamilton found that as the duration of an 800 Hz tonal signal was 
decreased from 400 msec to 50 msec, the signal-to-noise. ratio at threshold 
expressed in decibels increased linearly at a rate of approximately 2.5 dB 
per halving of signal duration. As the duration of the signal was further 
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decreased from 50 msec to 12 msec, the slope of this function became 
approximately 4.0 dB per halving of signal duration. Similar masking data 
had been presented in a National Defense Research Council Report (1946) and 
in a paper by Gales and Wilcott (1954). 
Thus, Hamilton's data demonstrated that t:he auditory system does not 
integrate the acoustic power of a tonal signal linearly over the whole 
range of signal durations, since his data could not be fitted with a single 
straight line. To this extent, these data were in agreement with those of 
Garner and Miller (1945, 1947) and Garner (1947). However, unlike those 
previous investigators, Hamilton found no range of signal durations over 
which the rate of change of the threshold was the same as the rate of energy 
change. The change in the slope of the function relating threshold to signal 
duration occurred at a long duration (200 msec) and at a short duration (4 
msec) in the data of Garner and Miller (1945, 1947) and of Garner (1947), re-
spectively. Hamilton's data, however, indicated that a single point of 
slope change occurred at a middle duration of 50 msec. 
Hamilton interpreted the accelerated rate of threshold change below 
50 msec in terms of a change in the "audible quality" of the signal. He 
remarked that in addition to the increase in signal energy which occurred 
as the duration of the signal was increased beyond a few milliseconds, the 
signal became less noise-like and tended to stand out in the noise. According 
to Hamilton, this resulted in the fact that at short durations the slope of 
the function relating detection performance to signal duration was greater 
than would have been expected simply on the basis of perfect integration of 
signal power. Such a phenomenological explanation of this increase in slope 
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does not appear to be essentially different from the physical explanation 
proposed by Garner (1947). 
The investigations mentioned thus far have attempted to determine the 
signal power necessary for the observers to maintain a threshold level of 
performance when detecting signals of various durations. In each case the 
signal power was determined which yielded a constant level of detection 
performance, either in the quiet or in the presence of a masking noise, for 
each of a series of signal durations. A study reported by Green, Birdsall, 
and Tanner (1957) used a slightly different approach. Employing a continuous, 
broad-band noise to mask a pulsed, tonal signal, they allowed detectability of 
the signal to vary as a function of certain signal parameters.3 
When the energy of the signal was held constant, Green et al. (1957) 
found that the detectability of the signal varied as an inverted u-shaped 
function of signal duration. For the sake of simplicity, the authors fitted 
these data with three line segments. However, they expressed the doubt that 
discontinuities actually existed in the function. Over the central portion 
of the resulting trapezoidal curve, signal detectability remained constant 
as signal duration increased. The value of T1 , the duration at which the 
slope of the curve changed from positive to zero, was 15 msec (averaged 
over four observers), while the average value of T2 , the duration at which 
the slope of the curve changed from zero to negative, was 160 msec. 
Blodgett, Jeffress, and Taylor (1958) studied the function relating 
detection performance to signal duration for various combinations of 
interaural signal phase and interaural masker phase. In addition, they 
examined this function when both the signal and the masker were presented 
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monaurally. They fitted these monaural data with three linear segments, 
although they expressed the belief that a continuous curve might have 
yielded a better fit. For durations from 500 msec to 50 msec, the best 
fitting linear segment had a slope of less than 3 dB per halving of signal 
duration. The slope of the segment from 50 ms7c to 15 msec was approximately 
3 dB per halving, while that of the segment for durations from 15 msec to 
5 msec had a slope of nearly 5 dB per halving of the duration of the signal. 
The authors interpreted these data as supporting the conclusions of 
Garner (1947) and Hamilton (1957) regarding the effects of the spread of 
energy at short signal durations as well as those of Garner and Miller 
(1945, 1947) regarding the decreased efficiency of the integration of 
acoustic power by the auditory system at long signal durations. In addition, 
the data of Blodgett, et al. (1958) like those of Garner and Miller (1945, 
1947) and Garner (1947) indicated a middle range of durations, 15 msec to 50 
msec, over which the integration of signal power by the auditory system was 
nearly complete. 
If the central portion of the trapezoidal curve used to fit the data of 
the Green, ~ al. (1957) study is compared with the central portion of the 
curve from the Blodgett, et al. (1958) study, it may be seen that the two 
sets of data yield similar findings. In the Green, et al. (1957) study, over 
this middle range of durations the detectability of the signal remained 
constant with constant signal energy. This relationship reflects complete 
integration of the power of the signal by the auditory system over this 
middle range of durations. Over the same range of durations, the data of 
Blodgett, et al. (1958) indicated that detection perfonnance was exactly 
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proportional to the energy of the signal. This relationship also indicates 
integration of the total power of the signal for these durations. Arguments 
similar to this may be applied to demonstrate that these two sets of data are 
likewise equivalent for shorter and longer signal durations. 
In a study investigating the effect of signal frequency of the function 
relating masked threshold to signal duration, Plomp and Bouman (1959) 
employed a continuous, broadband noise to mask tonal pulses ranging in 
duration from 1 msec to 10 sec. In general, their results were the same 
as those of Blodgett,~ al. {1958). Plomp and Bouman were able to fit their 
data with curves relating masked threshold to signal duration which had three 
distinct slopes. However, they found that as signal frequency increased, the 
duration at which the slope of the curves became greater than 3 dB per halving 
of signal duration (i.e., T1 ) decreased. This finding, like those of 
Fletcher (1940) and Garner {1947), seems to indicate that the bandwidth 
which is crucial to the detection process becomes larger as signal frequency 
increases. 
In a study similar to that of Green et al. (1957), Sheely and Bilger 
(1964) examined the effects of signal frequency on the function relating the 
detectability of the signal to signal duration. Like Green, et al. (1957), 
Sheely and Bilger employed signals of constant energy and fitted their data 
with trapezoidal curves. They found that the mean value of T1 decreased as 
signal frequency increased, just as Plomp and Bouman {1959) had noted. 
Most of the investigations of masking mentioned thus far have employed 
a pulsed, tonal signal and a continuous, noise masker. In a series of 
investigations, Tucker, Williams, and Jeffress {1968) studied changes in the 
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detectabilit¥ of a pulsed tonal signal of constant energy as a function of 
its duration when the signal was masked either by a continuous noise or by 
a noise gated synchronously with the signal, that is, a noise having its 
onset and offset simultaneous with those of the signal. Thus, the authors 
were comparing the function relating signal detectability to signal duration 
obtained when the masker was a continuous noise to that obtained when the 
masker was a pulsed noise. 
When a broad-band noise (100-3000 Hz) was employed as the masker, both 
types of masker presentation, continuous and pulsed, yielded functions that 
had a shape similar to that of the functions obtained by Green, et al. (1957) 
and by Sheely and Bilger (1964). For the longest signal duration, 500 msec, 
the detectability of the signal in the continuous noise was superior to 
signal detectability when a pulsed noise was employed. At the shortest 
duration, 10 msec, the reverse was true; signal detectability was greater 
when a pulsed masker was used than when the masker was continuous. Continuous 
and pulsed maskers yielded equal signal detectability at a duration of 
100 msec. 
In an effort to determine if more experienced observers would produce 
data similar to those reported above for relatively naive observers, Tucker, 
et al. (1968) investigated signal detectability when continuous and pulsed 
maskers were employed with highly practiced observers. The data obtained 
in the continuous noise conditions were similar to those described above. 
The pulsed noise data, however, differed greatly from the data previously 
obtained for naive observers. When a pulsed noise masker was employed, as 
signal duration decreased from 50 msec to 5 msec, signal detectability did 
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not decrease, but rather increased monotonically. 
Tucker, ~al. contend that, if the auditory system were viewed as an 
array of fairly narrow bandpass filters when detecting a tonal signal in 
noise, and if a pulsed masker were employed to mask a signal of constant 
energy but decreasing duration, then a signal tluration must be reached below 
which further reduction of duration leads to improved detection performance. 
The reasoning behind this view was detailed as follows. If the signal 
duration becomes less than the reciprocal of the bandwidth of the auditory 
filter, both signal energy and masker energy will be lost due to energy 
spreading. Since the power of the signal is increased to maintain a constant 
signal energy while the noise power-per-unit-bandwidth remains the same, the 
signal must become more detectable as signal duration decreases. The 
reason that this result was not obtained in the first study by Tucker, ~al. 
(1968) was assumed to be that the observers in that study were not sufficiently 
trained at detecting short duration signals. 
There was, however, another possible explanation for the difference in 
the results obtained in these two studies when pulsed maskers were employed 
at short signal durations. In the experiment involving the relatively naive 
observers, the masker was a broad-band noise. However, in the experiment 
employing the more experienced observers, the pulsed noise and the pulsed 
signal-plus-noise were passed through a 400 Hz bandpass filter centered at 
the signal frequency. Thus, the difference in the findings of these two 
experiments may have been the result of the stimulus filtering rather than 
the result of differences in the experience of the observers. 
In an attempt to determine the possible influence of differential filtering 
on the function relating signal detectability to signal duration for continuous 
and pulsed noise maskers, Dolan and Robinson (1972) employed both broad (2900 Hz) 
12 
and narrow (53 Hz) bandpass filters centered at the signal frequency 
(500 Hz) to shape the broad-band noise masker and the tonal signal in an 
auditory masking study. When the wide bandpass filter was employed, signal 
detectability varied as an inverted U-shaped function of signal duration 
whether the masker was presented continuously or pulsed synchronously with 
the signal. This same result was obtained when the narrow bandpass filter 
was used to shape the continuous noise masker and pulsed tonal signal. How-
ever, when the narrow bandpass filter was employed in conjunction with the 
pulsed noise masker, the detectability of the signal increased monotonically 
as its duration decreased. Apparently, then, the combination of bandpass 
filtering and pulsed presentation of the masker may have resulted in the 
continued improvement in signal detectability as signal duration decreased 
reported earlier by Tucker,~ al. (1968). 
Before examining the experimental literature dealing with the effect 
of signal duration on detection performance for binaural conditions of 
stimulus presentation, it may be useful to summarize the findings of the 
studies mentioned previously which were concerned with this effect for 
monaural stimulus presentation. 
1) It was found that as signal duration increased up to 
about 1 sec, detection performance improved monotonically. 
This function seemed to be well fit by a curve consisting 
of three straight line segments, although doubts have been 
expressed that the discontinuities implied by the changes 
in slope actually existed in the function. For signal 
durations less than about 15 msec, the slope of the curve 
was greater than 3 dB per doubling of duration. 
For signal durations between 15 msec and about 
50 msec, the slope of the curve was about 3 dB per 
doubling; and for durations greater than 50 msec, 
the slope was less than 3 dB per doubling of signal 
duration. 
2} The improvement in detection performance at a rate of 3 dB 
per doubling of signal duration over the middle range 
o( durations was assumed to indicate complete integration 
of the power of the signal by the auditory system in this 
range of durations. The increase in the slope of this 
curve at shorter durations was thought to provide 
evidence that some portion of the energy of the signal was 
not contributing to the detection process. The decrease 
in the slope of this curve at long signal durations was 
taken to be evidence of less efficient integration of 
power by the auditory system. 
3) It was found that the detectability of the signal at 
short signal durations was greater when the masker 
was pulsed than when it was continuous. At long signal 
durations, however, signal detectability was greater 
when a continuous masker was employed than when the 
masker was pulsed. In either case, the function had 
an inverted u shape. 
13 
14 
4) Finally, it was found that, when a pulsed masker 
and· a pulsed tonal s.ignal were shaped with. either 
a 400 Hz bandpass filter or a 53 Hz bandpass 
filter centered at the frequency of the signal, 
signal detectability increased monotonically as signal 
duration decreased. Such stimulus filtering did not 
change the typical inverted U shape of the function 
relating signal detectability to signal duration when 
a continuous masker was employed. 
Binaural Literature 
Nearly all of the masking studies mentioned thus far have examined the 
function relating either detection performance or signal detectability to 
signal duration for conditions in which the signal and masker either were 
monaurally presented, or were presented binaurally and were identical at 
the two ears. Such a binaural condition may be designated NOSO, since the 
noise masker (N) and the tonal signal (S) have no interaural phase difference. 
That is, the phase of the noise at one ear is identical to its phase at the 
other ear. This condition has been referred to as homophasic by Licklider 
(1951), since the interaural phase relation of the noise is the same as the 
interaural phase relation of the signal. If both the noise and the signal 
have an interaural phase difference of 1800, another homophasic condition, 
N~S~ is generated. It has been shown that detection performance obtained 
in homophasic conditions is equivalent to that obtained when both the signal 
and masker are monaurally presented, NmSm (Jeffress, Blodgett, Sandel, and 
Wood, 1956). 
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If the interaural phase difference of the signal and the interaural 
phase difference of the noise are separated by exactly 180°, an antiphasic 
condition exists. If the interaural phase difference of either the signal 
or the noise is zero, while the interaural phase difference of the remaining 
component is 180°, two particular antiphasic conditions may be generated, 
NOS 1T and N7TSO. It has been shown that the detection performance obtained 
in antiphasic conditions when a broad-band noise is employed to mask a 
100 msec, tonal signal of 500 Hz is 12 to 16 dB superior to that obtained 
in similar homophasic conditions (Hirsh, 1948; Jeffress, Blodgett, and 
Deatherage, 1952; Blodgett, Jeffress, and Taylor, 1958). Hirsh and Webster 
(1949) referred to the difference between the amounts of masking obtained 
in these two types of conditions as the masking-level-difference, or the 
MLD. 
Hirsh (1948) obtained MLDs of about 10 to 12 dB when he employed a 
' 
broad-band noise to mask a 500 Hz tone having a duration of 1000 msec. 
Jeffress, Blodgett, and Deatherage (1952), however, obtained an MLD of 
about 14 dB when a similar noise was employed to mask a 500 Hz tone having 
a duration of 150 msec. Jeffress, et al. conjectured that the mechanism 
responsible for the improved detection performance under antiphasic 
conditions was less adversely affected by the decrease in the duration of 
the signal than was the mechanism responsible for homophasic detection. 
Blodgett, Jeffress, and Taylor (1958) were the first to systematically 
study the effect of changes in signal duration on detection performance in 
homophasic and antiphasic masking conditions. The curve relating masked 
threshold in decibels to signal duration which they fitted to the data 
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obtained with homophasic conditions of stimulus presentation consisted of 
three linear segments each having a different slope. The segment for 
signal durations from 15 msec to 50 msec had a slope of approximately 3 dB 
per halving of signal duration, while the segments for shorter and longer 
signal durations had steeper and flatter slopes, respectively. Thus, this 
curve was equivalent to the curve fitted to their monaural data discussed 
above. The curves fitted to the data obtained with antiphasic conditions 
of stimulus presentation also consisted of three linear segments and were 
roughly parallel to those fitted to the homophasic data. However, the slope 
of the segment for durations less than 15 msec was not as great as the slope 
of the corresponding segment of the homophasic functions. Since the MLD is 
the vertical displacement of these two functions, the size of the MLD became 
larger at very short signal durations due to the more rapid deterioration of 
detection performance in the homophasic conditions over this range of signal 
durations. 
In a study of the effect of the cross-correlation of a narrow-band noise 
on the detection of a tonal signal, Langford and Jeffress (1964) reported that 
reducing the bandwidth of the masking noise from 2900 Hz to 50 Hz caused 
detection performance in antiphasic conditions to improve more than detection 
performance in homophasic conditions. As a result, the MLD was about 10 dB 
greater when the 50 Hz wide masker was employed than when the masker was 
2900 Hz wide. If the critical bandwidth of the auditory system were the 
same for homophasic and antiphasic masking conditions, any change in masker 
bandwidth would have ahd the same effect on detection performance in both 
phase condition, that is, the resulting MLD would have been constant. Langford 
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and Jeffress therefore interpreted their findings as indicating that the 
internal bandwidth of the auditory system is larger in antiphasic detection 
tasks than in homophasic detection tasks. 
The effects of varying the bandwidth and the level of a noise masker on 
the detection of a 500 Hz, tonal signal having' a duration of 150 msec were 
studied by Bourbon (1966) in both homophasic and antiphasic masking conditions. 
Using a band-narrowing technique similar to that employed by Fletcher (1940), 
Bourbon estimated the bandwidth of the binaural auditory system to be 
approximately 400 Hz in this detection task. Primarily as a result of 
changed in antiphasic detection performance, the size of the MLD increased 
as the bandwidth of the masker decreased below about 400 Hz. 
Green (1966) measured detection performance when a broad-band noise 
was used to mask a 250 Hz pulsed tonal signal. Performance was measured in 
two conditions of interaural phase, NOSTI and NOSm, and in one monaural condi-
tion NmSm, at three signal durations, 10, 100 and 1000 msec. In the monaural 
condition at the two shortest durations, it may be seen that Green's results 
were essentially the same as those obtained by Blodgett, et al. (1958) in 
similar conditions of interaural phase. As the duration of the signal 
decreased from 100 msec to 10 msec, detection performance decreased at a 
rate greater than 3 dB per halving of signal duration. For the antiphasic 
condition over the same range of signal durations, a change in detection 
performance of almost exactly 3 dB per halving of signal duration was obtained. 
This change in performance indicates nearly perfect integration of signal 
power by the auditory system. As a result, the size of the MLD (NmSm relative 
to NOS TI) increased about 2 dB as signal duration was decreased from 100 msec 
to 10 msec. 
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As Green (1966) pointed out, these data indicate that the same spread of 
energy resulting from a decrease in the duration of the signal did not affect 
performance in the antiphasic condition as much as in the homophasic condition. 
This was essentially the same conclusion reach by Blodgett, et al. (1958). 
Green proposed that the reason for the dif ferent~al effect of changes in signal 
duration was that the integration bandwidth was wider for antiphasic detection 
conditions than for homophasic detection conditions. 
· All of the investigations of binaural masking mentioned thus far have 
employed a continuous noise to mask a gated, tonal signal. McFadden (1966), 
however, studied detection performance in homophasic and antiphasic masking con-
ditions as a function of whether a continuous, or a pulsed, wide-band noise was 
employed to mask a 400 Hz, tonal signal having a duration of 125 msec. In the 
pulsed masker condition, the masker and signal had simultaneous onsets and offsets. 
Although detection performance in the homophasic masking conditions was equivalent 
for pulsed and continuous maskers, in the antiphasic conditions detection 
performance was 4.9 dB poorer when the masker was pulsed than when the masker 
was continuous. Thus, the MLD obtained when the masker was employed was 4.9 dB 
smaller than that obtained when the masker was continuous. 
In a similar study, Trahiotis, Dolan, and Miller (1972) found that when a 
pulsed, broad-band noise was employed to mask a 500 Hz, tonal signal having a 
duration of 20 msec, the MLD obtained was 8 dB smaller than that obtained with 
a continuous masker. Again, this decrease in the size of the MLD was due to a 
deterioration of detection performance in the antiphasic masking condition when 
the pulsed masker was employed rather than due to an improvement of detection 
performance in the homophasic condition. 
Both McFadden (1966) and Trahiotis, et al. (1972) interpreted their data 
in terms of a model of binaural detection proposed by Webster and Jeffress 
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(Webster, 1951; Jeffress, et al., 1956; Jeffress, 1972). Briefly, this model 
considers the time transform of the interaural phase shift caused by the 
addition of the signal to the noise to be the relevant cue in a binaural 
detection task. McFadden {1966) and Trahiotis, ~al. {1972) proposed that the 
existence of the noise before and after the signal in the continuous masker 
condition provided a baseline or reference phase against which the phase shift 
caused by the addition of the signal was more noticeable. In the pulsed 
masker condition, this reference phase was not present, and so detection 
performance was worse. 
Robinson and Trahiotis {1972) investigated the effect of pulsed masker 
presentation on detection performance as a function of the duration of the 
tonal signal employed. The authors found that homophasic detection performance 
obtained when the masker onset and offset were essentially simultaneous with 
those of the signal was equivalent to that obtained when the masker was 
continuous regardless of the signal duration employed. Under antiphasic 
conditions, detection performance obtained when the masker was pulsed was 
inferior to that obtained with a continuous masker. This is in agreement with 
the findings of McFadden {1966) and Trahiotis, et al. {1972). In addition, 
this difference in performance varied as a function of the duration of the 
signal. When the duration of the signal was 256 msec, pulsing the masker 
yielded antiphasic detection performance which was 2.5 dB inferior to that 
obtained with a continuous masker. When the duration of the signal was 32 msec, 
a 9dB decrement was obtained. Since homophasic detection performance was not 
affected by pulsing the masker, these changes in antiphasic detection performance 
resulted in equivalent changes in the MLD. Thus, the MLD was 2.5 dB and 9 dB 
smaller for the 256 msec and the 32 msec signals, respectively, when the masker 
Was pulsed than when a continuous masker was employed. 
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Robinson and Trahiotis explained the effect of pulsing the masker on 
antiphasic detection performance in essentially the same manner as did McFadden 
(1966) and Trahiotis et al. (1972). In their interpretation of the ;influence 
of signal duration on this effect, Robinson and Trahiotis argue that, in 
addition to the cue provided by the initial interaural time shift accompanying 
the addition of the signal to the masker, the binaural system makes use of the 
ongoing interaural time difference which continues as long as the signal is 
present. As the duration of the signal increases, this interaural time 
difference is present for a longer period of time, resulting in better anti-
phasic detection performance and a larger MLD. 
Prior to discussion of the gaps in the experimental literature dealing with 
the effect of signal duration on detection performance and before a description 
of the present research, a brief summary of the findings of the studies concerned 
with this effect as well as other related effects in conditions of binaural 
stimulus presentation may prove useful. 
1) The function relating detection performance to signal duration 
for binaural masking conditions was found to have the same 
overall shape as the corresponding monaural function. Like 
the monaural function, this function seemed to be well 
fitted by a curve consisting of three straight line segments. 
The slopes of these line segments were the same as those of 
the segments used to fit the monaural function except at 
signal durations less than 15 msec. The slope of the segment 
used to fit the binaural function at such short signal 
durations was less than that of the corresponding segment 
fitted to the monaural data. As a result, the MLD was constant 
as a function of signal duration except at short signal durations 
where it increased slightly. 
21 
2) The shape of the binaural function was assumed to indicate 
changes in the integration of signal power by the auditory system. 
The lack of correspondence of the monaural and binaural functions 
at short signal durations was thought to be evidence that the 
internal bandwidth of the auditory system was larger in binaural 
detection situations than in equivalent monaural conditions. An 
estimate of this binaural bandwidth of 400 Hz was obtained with 
a band-narrowing technique. 
3) Narrow-band filtering of the masker was found to improve detection 
performance more in antiphasic conditions than in similar homo-
phasic conditions. Thus, the MLD obtained when a narrow-band 
masker was employed was larger than that obtained when a wide-
band masker was employed. This too was taken as supporting the 
hypothesis that the binaural bandwidth of the auditory system 
was larger than the monaural bandwidth. 
4) Pulsing a wide-band masker was found to result in detection 
performance in antiphasic conditions than was obtained using 
a continuous masker. In similar homophasic conditions, no 
change in detection performance was found as a function of 
these two types of masker presentation. The MLD obtained when 
the masker was pulsed, therefore, was smaller.than that obtained 
with a continuous masker due to the deterioration of antiphasic 
~ detection performance in the pulsed masker condition. 
5) Finally, the effect of pulsing the masker was found to vary 
as a function of signal duration. Antiphasic detection 
performance for a 32 msec signal was found to be 9 dB worse 
when the masker was pulsed than whenthe masker was cont:huous. 
The difference obtained for 256 msec signal was only 2.5dB. 
Equivalent changes in the size of the MLD resulted. 
present Problem 
The interaction of the increased bandwidth of a short-duration signal 
with the internal bandwidth of the auditory sys~em provides an empirically 
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sound explanation for the increased rate of deterioration of detection 
performance in the monaural detection task which occurs at signal durations 
less than 15 msec. However, the effect of the interaction of pulsed masker 
presentation and narrow bandpass filtering of the stimuli on the function 
relating detection performance to signal durations is not entirely clear. The 
explanation proposed for the monotonic increase in signal detectability with 
decreasing signal duration assumed that as signal duration decreased some of 
the energy of both the pulsed tonal signal and the pulsed noise masker was 
lost due to an increase in signal and masker bandwidth. In this regard it 
should be noted that, although the bandwidth of a pulsed tonal signal increases 
as its duration decreases, the bandwidth of a broad-band masker is not systemat-
ically changed by reducing its duration. As a result, the amount of energy 
of the pulsed noise in the integration band of the auditory system should not 
change with decreasing signal duration and the signal should become less 
detectable as signal duration decreases due to spreading of signal energy. 
Thus, an adequate explanation for this effect has yet to be proposed. In 
addition, the relationship between this effect and the width of the bandpass 
filter employed has not been established. 
Although it has been established that the type of masker presentation 
employed affects antiphasic detection performance, no systematic investigation 
of this effect as a function of signal duration has been conducted. In addition, 
it is not known what effect the interaction of pulsed masker presentation and 
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narrow bandpass tiltering of the stimuli would have on detection performance 
in an antiphasic detection situation or how such an effect might vary as a 
function of the width of the narrow bandpass filter employed. 
The current research was an attempt to clarify the interactive effects of 
stimulus bandwidth and the method of masker presentation on the function 
relating detection performance for monaural (homophasic) and binaural 
(antiphasic) condition of stimulus presentation. Of special interest was the 
relationship between this effect and the width of the bandpass filter 
employed to shape the stimuli. 
Experimental Conditions 
CHAPTER TWO 
PROCEDURE 
Two binaural masking configurations were employed in the present study: 
an homophasic condition in which the interaural phase difference of the masker 
was the same as the interaural phase difference of the signal, and an antiphasic 
condition in which the interaural phase difference of the masker differed from 
that of the signal by 180°. The particular homophasic and antiphasic conditions 
employed were NOSO and NOSW, respectively. 
For each of these two interaural phase relations, detection performance was 
measured as a function of signal duration, mode of masker presentations, and 
stimulus bandwidth. Seven signal durations were employed: S, 10, 20, SO, 100, 
500, and 1000 msec. For every signal duration both continuous and pulsed noises 
were employed as maskers. In the pulsed masker conditions, the signal and 
masker onsets and offsets were simultaneous. Two types of stimulus filtering, 
50 Hz bandpass and 200 Hz bandpass, were employed with every combination of 
phase relation, signal duration, and mode of masker presentation. Therefore, 
since two interaural phase relations, seven signal durations, two modes of 
masker presentations, and two types of stimulus filtering were utilized in this 
experiment, a total of 56 experimental conditions were investigated. 
Method 
In order to measure detection performance in each masking condition, a two-
alternative temporal forced-choice (2ATFC) technique was employed. In this 
detectiort paradigm the observer's task was to report on each trial in which of 
two observation intervals the signal had occurred. The observer did this by 
pressing one of the two "response" buttons provided him. After each trial a 
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"feedback" light informed the observer which of the two observation intervals 
had contained the signal. 
Each trial consisted of the following temporal sequence: warning light 
(0.5 sec), pause (0.5 sec), light for the first observation interval (signal 
duration), pause (0.5 sec), light for the second observation interval (signal 
duration), response interval (1.25 sec), and feedback interval (0.5 sec). The 
lights used to designate the observation intervals were spatially and temporally 
discrete. The signal occurred on every trial with equal probability of occurrence 
in each interval. 
The measure of detection performance employed was the average percent cor-
rect for intervals one and two, 
P(c) = P(l/I) + P(2/II), 
2 
where P(l/I) is the proportion of timesthe observer responded interval one when 
the signal was in interval one and P(2/II) is the proportion of times the 
observer responded interval two when the signal was in interval two. For each 
masking condition this quantity was averaged over 300 trials at each of three 
values of 10 log (E /N ), the decibel ratio of signal energy to noise power-per-
s 0 
unit-bandwidth. The result was three 300-trial data points each representing 
the value of P(c) obtained for a value of 10 log (E /N ). If an increase in 
. s 0 
10 log (E /N) resulted in a decrease in P(c), at least four, rather than the 
s 0 
usual three, 300-trial data points were required to specify the psychometric 
function for that particular condition. In addition, data points in which the 
P(c) did not fall in the range from 55.0 to 97.5 were rejected due to the 
increased error encountered in the curve fitting process described below. In 
summary, for each masking condition, a criterion of at least three 300-trial data 
points with values of P(c) falling between 55.0 and 97.5 was employed. 
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In order to determine the psychometric f~ction, the function relating 
P(c) to 10 log (Es/N
0
), for each condition, ogives were fitted to these data. 
The ogives used to fit the data were generated by the equation, d' = m(E /N )k, 
s 0 
where E is the energy of the signal, N is the noise power-per-unit-bandwidth, 
s 0 
and!!!. and ~are constants. In the curve fittinq process, d' was transformed 
to P(c), Es/N
0
) was transformed to 10 log (E /N ), and the best fitting values 
. s 0 
of !!!. and k were visually estimated. Although for each observer the value of 
~may vary from condition to condition, the value of k has been found to be 
relatively invariant for any given observer across conditions (Egan, 1965). A 
value of k of 1.50 was selected as yielding the best fit for each of the four 
observers participating in the present study. 
For any given combination of signal duration, masker presentation, and 
stimulus bandwidth, both the NOSO condition and the NOS1r condition were 
investigated on the same days. These data were collected-in units of three 
100-trial blocks with a different signal-to-noise ratio being used in each 
block. Each unit was preceded by a 20-trial "warm-up" block in which the 
signal-to-noise ratio was 2 dB greater than that on any block in the unit. 
Since four such units were presented every day, data fran a total of 200 trials 
at each of three signal-to-noise ratios were obtained daily for both NOSO and 
NOSn. Therefore, two complete experimental conditions could usually be 
investigated every 1.5 days. 
At the beginning of the investigation, the observers were given several 
thousand trials of training on both the NOSO and the NOS1r detection tasks in 
order to eliminate training effects. In addition, prior to the actual data 
collection for any given combination of signal duration, masker presentation, 
and stimulus bandwidth, the observers received 300 trials of training on that 
Particular detection task. As a further guard against practice effects, for 
r 
27 
each combination of masker presentation and stimulus bandwidth, the seven signal 
durations were presented in a planned-haphazard order. 
Stimuli and Equipment 
A Grason-Stadler model 455-C noise generator having a low-pass cutoff of 
20 kHz was used to produce the broad-band noise employed as the masker. The 
masker had a spectral level of 50 dB SPL and, in the pulsed condition, a rise-
fall time of 1 msec. A General Radio model 1310-B oscillator was used to 
generate the 500 Hz tone burst employed as the signal. The signal also had a 
rise-fall time of 1 msec. 
For the pulsed noise conditions (see Figure 1), the signal was passed 
through a Hewlett-Packard attenuator and then was mixed with the noise waveform 
in a two-channel mixer. This mixer was capable of reversing the phase of the 
signal 180° in one channel relative to the other. The output of each channel 
of this mixer was gated through a Grason-Stadler electronic switch. For the 
continuous noise conditions (see Figure 2), the electronic switches used to 
gate the signal preceded the mixer. The outputs of either the electronic switches 
or the mixer were then passed through a set of White Instruments bandpass 
filters which were either 50 Hz or 200 Hz wide and were centered on 500 Hz. The 
response characteristics of these filters can be found in Appendix A. The out-
puts of these filters were amplified bv a set of Krohn-Hite model DCA-10 amplifiers. 
The amplified waveforms were then presented through dichotically wired Grason-
Stadler· TDH-49 earphones to the observers who were seated in an Industrial 
Acoustics Company soundproof chamber. The presentation of the stimuli and the 
recording of responses were done automatically utilizing a PDP-8/E digital 
computer. The equipment described above is part of the Parmly Hearing Institute 
facility on the Lake Shore Campus of Loyola University. 
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FIGURE l: A block diagram of the equipment used ~n this study when the masker 
employed was gated synchonously with the signal. The noise masker 
and the tonal signal were produced by a noise generator and an 
oscillator, respectively. The level of the signal was controlled 
with an altenuator. The signal and masker waveforms were then 
added in a dual mixing circuit. The signal waveform in one half 
of the mixer could be made to be either in-phase (SO) or 180° out-
of-phase (S~) with the signal waveform in the other half. The two 
out-puts of the mixer were gated with electronic switches and then 
shaped with a pair of bandpass filters which were both either 50 Hz 
wide or 200 Hz wide. The outputs of these filters were amplified 
and passed through a pair of attenuators prior to their presentation 
through dichotically wired earphones to four observers seated in a 
soundproof chamber. The presentation of the stimuli and the 
recording of the responses of the observers were accomplished via 
a small digital computer. 
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FIGURE 2: A block diagram of the equipment used in this study when the 
masker was continuous. The noise masker and tonal signal were 
produced by a noise generator and an oscillator, respectively. 
. 29 
The signal waveform was gated through a pair of electronic switches 
and then passed through a pair of attenuators which controlled 
the level of the signal. The continuous masker waveform and the 
pulsed signal waveform were then added in a dual mixing circuit. 
The signal waveform in one half of the mixer could be made to be 
either in-phase (SO) or 180° out-of-phase (SV) with the signal 
waveform in the other half. The two outputs of the mixer were 
shaped with a pair of bandpass filters. The filters were both 
either 50 Hz wide or 200 Hz wide. The outputs of these filters 
were amplified and passed through a pair of attenuators prior 
to their presentation through dichotically wired earphones to 
four observers seated in a soundproof chamber. The presentation 
of the stimuli and the recording of the responses of the observers 
were accomplished via a small digital computer. 
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Observers 
The four observers who participated in this experiment were undergraduate 
students at Loyola University having clinically normal hearing. They were 
paid for their services. 
. ~ 
·-
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CHAPTER THREE 
RESULTS 
In this experiment one psychometric function was determined for each of 
the four observers in each of the 56 experimental conditions. As mentioned 
previously, the data points to which the ogive curve was fitted each consisted 
of a value of P(c) obtained in the 2ATFC task for a particular value of 
10 log (Es/N0 ). Tables I-IV of the Appendix B present for observers l-4, 
respectively, the values of 10 log (Es/N0 ) employed and the values of P(c) 
obtained in each of the 56 experimental conditions. 
· Since ogives with the same values of k were used to fit all the data, 
the psychometric functions obtained for each observer in the various 
experimental conditions differed only in their lateral displacement, or 
value of m. A sample psychometric function is shown in Figure 3. For each 
such function, the value of 10 log (E5 /N0 ) corresponding to a P(c) of 80 was 
obtained by visual inspection. Each of the 56 resulting values of 10 log 
(E5 /N0 ) was transformed into a decibel ratio of signal power to noise power-
per-uni t-bandwidth, 10 log (Ps/N0 ). This was accomplished by subtracting 
the duration of the signal expressed in decibels from the obtained value of 
10 log (E5 /N0 ). This procedure is outlined in Figure 3. The quantity, 
10 log (P5 /N0 ) necessary for a P(c) of 80, was the measure used to evaluate 
detection performance in each experimental condition. 
The values of 10 log (P5 /N0 ) necessary for a P(c) of 80 which were 
obtained in the various experimental conditions when the 200 Hz bandpass 
filters were employed to shape the stimuli are presented in Figures 4-7 for 
observers 1-4, respectively. In each figure the value of 10 log (P5 /No) 
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FIGURE 3: A sample psychometric function with an illustration of the procedure 
used to derive the value of 10 log (Ps/N
0
) required in each 
experimental condition to obtain a P(c) of 80. The data points in 
-this example each represent the average value of P(c) obtained for 
a particular signal-to-noise ratio in some experimental condition. 
The ogive used to fit these sample data points was generated through 
k the use of the equation, d' = m(Es/N
0
) , where k = 1.50. The value 
of 10 log (Es/N
0
) corresponding to a P(c) of 80 for this sample 
psychometric function is 7.0 'dB as determined by visual inspection. 
The quantity, 10 log (E /N ), is equal to 10 times the logarithm 
s 0 
of the power of the signal (P ) plus ten times the logarithm of 
s 
the duration of the signal (T ) minus the noise power-per-unit -
s 
bandwidth (N ) in decibels. In this example the T is 50 msec 
0 s 
(-13 dB) and N is 50 dB. Therefore, the value of 10 log (P ) 
0 s 
required for a P(c) of 80 in the condition is 70 dB. Finally, the 
value of 10 log (Ps/N
0
) for a P(c) of 80 obtained from these 
sample data is 30 dB. This procedure was used to obtain the value 
of 10 log (P /N ) required for a P(c) of 80 in each experimental 
s 0 
condition. 
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necessary for a P(c) of 80 was plotted as a function of the duration of the 
signal. The parameters of the four curves which resulted are the type of 
masker employed, continuous or pulsed, and the type of interaural phase 
relation used, NOSO or NOSTI~ These data are summarized in Figure 8 in 
which the values of 10 log (Ps/N0 ) necessary for a P{c) of 80 which were 
averaged over the four observers were plotted as a function of signal 
duration. The parameters of the curves in Figure 8 are the same as those 
of the curves in Figures 4-7. 
As can be seen in Figure 8, as the duration of a signal masked by a 
pulsed noise was decreased, detection performance in the NOSO condition 
decreased at a nearly constant rate of approximately 1.5 dB per halving of 
signal duration. When a continuous masker was employed, however, the slope 
of the function relating detection performance to signal duration for the 
NOSO condition seemed to increase for signal durations less than 50 msec. 
This also appeared to be true of this function for the NOSTI condition when 
a continuous masker was employed. In the NOSTI condition when the masker was 
pulsed, detection performance deteriorated at a rate of about 5 dB per 
halving of signal duration between durations of 500 msec and 20 msec. 
Between durations of 20 msec and 10 msec, the slope of this function appeared 
to be smaller, but it seemed to increase again as signal duration decreased 
from 10 msec to 5 msec. 
It also can be seen from Figure 8 that, when the 200 Hz bandpass filters 
were employed, detection performance in the NOSO condition for signals less 
than 20 msec in duration was better when the masker was pulsed than when the 
masker was continuous. For signal durations in excess of 20 msec, the reverse 
was true. In the antiphasic condition, however, detection performance at all 
FIGURE 4: 
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The value of 10 log (P /N } required for a P(c} of 80 as a function 
s 0 
of signal duration for observer 1 when the 200 Hz bandpass filter 
was employed. Each point represents the value of 10 log (P /N } 
s 0 
necessary for a P(c} of 80 in a particular experimental condition. 
These values were determined by the procedure illustrated in 
Figure 3. The parameters of the four curves resulting are the type 
of masker presentation and the interaural phase relation. The 
circles connected by continuous lines represent data obtained 
when the masker was continuous, while the triangles connected by 
broken lines represent data obtained when the masker was pulsed. 
The open symbols represent data obtained under the NOSO phase 
relation, while the filled symbols represent data obtained under 
the NOS~ phase relation. For a given type of masker presentation, 
the vertical displacement of the open and filled symbols at each 
signal duration is the MLD obtained in that condition. 
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FIGURE 5: 
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The value of 10 log (P /N ) required for a P(c) of 80 as a function 
s 0 
of signal duration for observer 2 when the 200 Hz bandpass filter 
was employed. Each point represents the value .of 10 log (P /N ) 
s 0 
necessary for a P(c) of 80 in a particular experimental condition. 
These values were determined by the procedure illustrated in 
Figure 3. The parameters of the four curves resulting are the 
type of masker presentation and the interaural phase relation. 
The circles connected by continuous lines represent data obtained 
when the masker was continuous, while the triangles connected by 
c 
broken lines represent data obtained when the masker was pulsed. 
The open symbols represent data obtained under the NOSO phase 
relation, while the filled symbols represent data obtained under 
the NOS~ phase relation. For a given type of masker presentation, 
the vertical displacement of the open and filled symbols at each 
signal duration is the MLD obtained in that condition. 
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FIGURE 6: The value of 10 log (P /N ) required for a P(c) of 80 as a 
s 0 
function of signal duration for observer 3 when the 200 Hz 
36 
bandpass filter was employed. Each point represents the value of 
10 log (P N ) necessary for a P(c) of 80 in a particular 
s 0 
experimental condition. These values were determined by the 
procedure illustrated in Figure 3. The parameters of the 
four curves resulting are the type of masker presentation and the 
interaural phase relation. The circles connected by continuous 
lines represent data obtained when the masker was continuous, 
while the triangles connecte.d by broken lines represent data 
obtained when the masker was pulsed. The open symbols represent 
data obtained under the NOSO phase relation, while the filled 
symbols represent data obtained under the NOS~ phase relation. 
For a given type of masker presentation, the vertical displacement 
of the open and filled symbols at each signal duration is the MLD 
obtained in that condition. 
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FIGURE 7: The value of 10 log (P /N ) required for a P(c) of 80 as a 
s 0 
function of signal duration for observer 4 when the 200 Hz 
bandpass filter was employed. Each point represents the value 
of 10 log (P N ) necessary for a P(c) of 80 in a particular 
s 0 
experimental condition. These values were determined by the 
procedure illustrated in Figure 3. The parameters of the four 
curves resulting are the type of masker presentation and the 
interaural phase relation. The circles connected by continuous 
lines represent data obtained when the masker was continuous, 
while the triangles connected by broken lines represent data 
obtained when the masker was pulsed. The open symbols 
represent data obtained under the NOSO phase relation, while 
the filled symbols represent data obtained under the NOS~ 
phase relation. For a given type of masker presentation, the 
vertical displacement of the open and filled symbols at each 
signal duration is the MLD obtained in that condition. 
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signal durations was better when a continuous masker was employed than when 
the masker was pulsed. Th.is difference in performance obtained in the 
antiphasic conditions was large at short signal durations, and decreased 
for signal durations greater than 20 msec. At 1000 msec this difference was 
about 2.5 dB. 
In Figure 8 it should be noted that the vertical displacement of the 
curves for the homophasic and the antiphasic conditions employing the same 
type of masker presentation is the MLD. It may be observed that when a 
continuous masker was employed, the .MLD remained relatively constant as the 
duration of the signal varied. However, when a pulsed masker was employed, 
the .MLD decreased as signal duration decreased from 500 msec to 20 msec, 
remained constant for signal duration of 20 msec and 10 msec, and, finally, 
decreased slightly as signal duration decreased from 10 msec to 5 msec. 
These changes were due to variation in antiphasic detection performance, 
since homophasic detection performance, as previously noted, decreased at a 
relatively constant rate over this range of signal durations. At long signal 
durations, the .MLD obtained when a pulsed masker was employed was about the 
same size as that obtained when a continuous masker was used, whereas at 
shorter signal durations it was much smaller. 
In Figures 9-12 are presented the values of 10 log (Ps/N0 ) required for 
a P(c) of 80 obtained in the various experimental conditions for observers 
1-4, respectively, when the 50 Hz bandpass filters were employed. Again, in 
each figure the plot is 10 log (Ps/N0 ) necessary for a P(c) of 80 as a 
function of signal duration with the parameters of the curves being the type 
of masker and the interaural phase relation employed. The summary data for 
the four observers in these conditions are presented in Figure 13. 
FIGURE 8: The mean value of 10 log (P /N ) required for a P(c) of 80 as 
s 0 
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a function of signal duration for the four observers when the 200 
Hz bandpass filter was employed. Each point represents the mean 
value of 10 log (P /N ) necessary for a P(c) of 80 in a particular 
s 0 
experimental condition. These mean values were obtained by 
averaging the values of 10 log (P /N ) necessary for a P(c) of 
. s 0 
80 obtained by the four observers. The parameters of the four 
curves resulting are the type of masker presentation and the inter-
aural phase relation. The circles connected by continuous lines 
represent data obtained when the masker was continuous, while the 
triangles connected by broken lines represent the data obtained 
when the masker was pulsed. The open symbols represent data 
obtained under the NOSO phase relation, while the filled symbols 
represent data obtained under the NOSTI phase relation. For a given 
type of masker presentation, the vertical displacement of the open and 
filled symbols at each signal duration is the mean MLD obtained in 
that condition. 
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FIGURE 9: 
40 
The value of 10 log (P /N ) required for a P(c) of 80 as a function 
s 0 
of signal duration for observer l when the SO Hz bandpass filter 
was employed. Each point represents the value of 10 log (P /N ) 
s 0 
necessary for a P(c) of 80 in a particular experimental condition. 
These values were determined by the procedure illustrated in 
Figure 3. The parameters of the four curves resulting are the type 
of masker presentation and the interaural phase relation. The 
circles connected by continuous lines represent data obtained when 
the masker was continuous, while the triangles connected by 
broken lines represent data obtained when the masker was pulsed. 
The open symbols represent data obtained under the NOSO phase 
relation, while the filled symbols represent data obtained under 
the NOS~ phase relation. For a given type of masker presentation, 
the vertical displacement of the open and filled symbols at each 
signal duration is the MLD obtained in that condition. 
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FIGURE 10: The value of 10 log (P /N ) required for a P(c) of 80 as a 
s 0 
--
function of signal duration for observer 2 when the 50 Hz 
bandpass filter was employed. Each point represents the 
value of 10 log (P /N ) necessary for a P(c} of 80 in a 
s 0 
particular experimental condition. These values were 
determined by the procedure illustrated in Figure 3. The 
parameters of the four curves resulting are the type of masker 
presentation and th~ interaural phase relation. The circles 
connected by continuous lines represent data obtained when 
the masker was continuous, while the triangles connected by 
broken lines represent data obtained when the masker was 
pulsed. The open symbols represent data obtained under the 
NOSO phase relation, while the filled symbols represent data 
obtained under the NOS~ phase relation. For a given type of 
masker presentation, the vertical displacement of the open and 
filled symbols at each signal duration is the MLD obtained in 
that condition. 
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FIGURE 11: The value of 10 log (Ps/N
0
) required for a P(c) of 80 as a 
function of signal duration for observer 3 when the 50 Hz 
bandpass filter was employed. Each point represents the value 
of 10 log (P N ) necessary for a P(c) of 80 in a particular 
s 0 
experimental condition. These values were determined by the 
procedure illustrated in Figure 3. The parameters of the 
four curves resulting are the type of masker presentation and 
the interaural phase relation. The' circles connected by 
continuous, while the triangles connected by broken lines 
represent data obtained when the masker was pulsed. The open 
symbols represent data obtained under the NOSO phase relation, 
while the filled symbols represent data obtained under the 
NOS~ phase relation. For a given type of masker presentation, 
the vertical displacement of the open and fil1ed symbols at 
each signal duration is the MLD obtained in that condition. 
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FIGURE 12: The value of 10 log (P /N } required for a P(c) of 80 as a 
s 0 
function of signal duration for observer 4 when the 50 Hz 
bandpass filter was employed. Each point represents the value 
of 10 log (P N } necessary for a P(c} of 80 in a particular 
s 0 
experimental condition. These values were determined by the 
procedure illustrated in Figure 3. The parameters of the 
four curves resulting are the type of masker presentation and 
the interaural phase relation. The circles connected by 
continuous lines represent data obtained when the masker was 
continuous, while the triangles connected by broken lines 
represent data obtained when the masker was pulsed. The open 
symbols represent data obtained under the NOSO phase relation, 
.43 
while the filled symbols represent data obtained under the NOS~ 
phase relation. For a given type of masker presentation, the 
vertical displacement of the open and filled symbols at each 
signal duration is the MLD obtained in that condition. 
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The data presented in Figure 13 indicate that when a pulsed masker was 
employed detection performance in the homophasic masking condition decreased 
at a relatively constant rate as th~ signal duration decreased from 500 msec 
to 20 msec. As the signal duration became less than 20 msec, the slope of 
this function relating detection performance to signal duration seemed to 
increase. When a continuous masker was employed, homophasic detection 
performance again decreased as signal duration decreased. The rate of this 
decrease in homphasic detection performance seemed to increase steadily as 
the signal duration became less than 50 msec. The function obtained when a 
continuous masker was employed in the antiphasic condition was similar in 
shape to the corresponding homophasic function. When a pulsed masker was 
employed in the antiphasic masking condition, detection performance decreased 
at a rate greater than that obtained in the corresponding homophasic condition 
as the duration of the signal decreased from 500 msec to 100 msec. As the 
duration of the signal decreased from 100 msec to 20 msec, this function 
seemed to have a constant, low slope which was nearly the same as that· of the 
corresponding function obtained in homophasic conditions over this same range 
of durations. Like the slope of the function obtained in homophasic conditions, 
the slope of the function obtained in antiphasic conditions appeared t.o increase 
sharply for signal durations less than 20 msec. For signal durations less than 
10 msec, the slope of this function obtained with a pul.sed masker seemed to 
be greater than that of the corresponding function obtained in homophasic 
conditions. 
It shoul.d be noted as indicated in Figure 13 that at very short signal 
durations detection performance obtained in the homophasic condition when a 
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FIGURE 13: 
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The mean value of 10 log (P /N ) required for a P(c) of 80 as 
s 0 
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a function of signal duration for the four observers when the 50 
Hz bandpass filter was employed. Each point represents the mean 
value of 10 log (P /N ) necessary for a P(c) of 80 in a particular 
s 0 
experimental condition. These mean values were obtained by 
overaging the values of 10 log (P /N ) necessary for a P(c) of 
s 0 
80 o?tained by the four observers. The parameters of the four 
curves resulting are the type of masker presentation and the inter-
aural phase relation. The circles connected by continuous lines 
represent data obtained when the masker was continuous, while the 
triangles connected by broken lines represent the data obtained 
when the masker was pulsed. The open symbols represent data 
obtained under the NOSO phase relation, while the filled symbols 
represent data obtained under the NOS~ phase relation. For a 
given type of masker presentation, the vertical displacement of 
the open and filled symbols at each signal duration is the mean 
MLD obtained in that condition. 
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pulsed masker was employed was better than performance in the same condition 
when the masker was continuous. As the duration of the signal increased this 
difference in detection performance decreased until at a signal duration of 
500 msec the two types of maskers yielded nearly equivalent detection 
performances. The antiphasic masking condition, however, yielded better 
performance when a continuous masker was employed than when the masker was 
pulsed throughout the entire range of signal durations. This difference in 
. 
detection performance was constant as signal duration increased to about 
20 msec, increased between durations of 20 msec and 100 msec, and then 
decreased to a constant value of about 6.5 dB for signal durations of 
500 msec or greater. 
Viewed in another way, the data presented in Figure 13 reveal that when 
the 50 Hz bandpass filters were used the MLD obtained with a continuous 
masker was constant as the duration of the signal varied. However, the 
pulsed masker condition yielded an MLD which decreased in size as signal 
duration decreased from 500 msec to 100 msec. Between signal durations of 
100 msec and 10 msec, the MLD obtained with a pulsed masker remained constant. 
When the signal duration was less than 10 msec, the MID decreased slightly. 
The changes in the MLD which occur between signal durations of 100 msec and 
500 msec when the pulsed masker was employed are again primarily the result 
of changes in antiphasic detection performance over this range. 
The effect on the function relating detection performance to signal 
duration of changing the bandwidth of the stimuli from 50 Hz to 200 Hz for 
both the homophasic and the antiphasic masking conditions when a continuous 
masker was employed is shown more clearly in Figure 14. In the upper two 
FIGURE 14: The mean value of 10 log (P /N ) required for a P(c) of 80 as 
S 1 0 
a function of signal duration for the four observers when the 
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continuous masker was employed. Each point represents the mean 
value of 10 log (P /N ) necessary for a P(c) of 80 in a particular 
s 0 
experimental condition. These mean values were obtained by 
averaging the values of 10 log (P /N ) necessary for a P(c) of 
s 0 
80 obtained by the four observers. The parameters of the four 
curves resulting are the bandwidth of the external filters and the 
interaural phase relation. The circles connected by the continuous 
line represent the data obtained when the 200 Hz bandpass filter 
was used, while the triangles connected by broken lines represent 
the data obtained when the 50 Hz bandpass filter was employed. 
The open symbols represent data obtained under the NOSO phase 
relation, while the filled symbols represent the data obtained 
under the NOSn phase relation. For a given width of the external 
filter, the vertical displacement of the open and filled symbols 
at each signal duration is the mean MLD obtained in that condition. 
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curves of the graph, the average value of 10 log (Ps/H0 ) required for a P(c} 
of 80 was plotted as a function of the duration of the signal when either the 
SO Hz wide or the 200 Hz wide bandpass filters were employed in conjunction 
with a continuous masker in the homophasic detection task. As can be seen 
from these two curves, for signal durations less than 20 msec detection per-
formance when the 200 Hz wide filters were employed was better than that 
obtained with the 50 Hz wide filters. However, for signals which were 20 msec 
or more in duration, detection performance was superior when the 50 Hz wide 
filters were employed. This difference in homophasic performance under the 
two filtering conditions seemed to be relatively constant for signal durations 
greater than 50 msec. 
In the lower two curves of Figure 14, the average value of 10 log (Ps/N0 ) 
necessary for a P(c} of 80 was plotted as a function of the duration of the 
signal when either the 50 Hz or the 200 Hz bandpass filters were employed 
in conjunction with a continuous masker in the antiphasic detection task. 
Again, for signal durations less than 20 msec, detection performance was 
better when the 200 Hz wide filters were employed. When the signal duration 
was greater than 20 msec, the reverse was true. However, in this antiphasic 
case, the difference in the detection performance obtained in these two filter-
ing conditions continued to increase with increasing signal duration until a 
signal duration of 500 msec was reached. 
In Figure 15 the effect of changing the bandwidth of the stimuli from 
50 Hz to 200 Hz on the function relating detection performance to signal 
duration is.shown for both homophasic and antiphasic conditions when a pulsed 
masker was employed. Again, the average value of 10 log (Ps/No} required for 
r 
FIGURE 15: The mean value of 10 log (P /N ) required for a P(c) of 80 as 
s 0 
a function of signal duration for the four observers when the 
pulsed masker was employed. Each point represents the mean 
value of 10 log (P /N ) necessary for a P(c) of 80 in a particular 
s 0 
experimental condition. These mean values were obtained by aver-
aging the values of 10 log (P /N ) necessary for a P(c) of 
s 0 
80 obtained by the four observers. The parameters of the four 
curves resulting are the bandwidth of the external filters and the 
interaural phase relation. The circles connected by the continuous 
line represent the data obtained when the 200 Hz bandpass filter 
was used, while the triangles connected by broken lines represent 
the data obtained when the 50 Hz bandpass filter was employed. 
The open symbols represent data obtained under the NOSO phase 
relation, while the filled symbols represent the data obtained 
under the NOSTI phase relation. For a given width of the external 
filter, the vertical displacement of the open and filled symbols 
at each signal duration is the mean MLD obtained in that condition. 
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a P(c) of 80 was plotted as a function of signal duration for the various 
conditions. It can be seen that throughout the entire range of signal 
durations detection performance in the homophasic condition was better when 
the SO Hz wide filters were employed. This difference increased as the 
· duration of the signal became greater than 5 m~ec. For signal durations 
greater than 20 msec, this difference in detection performance was relatively 
constant. In the antiphasic masking condition, detection performance for all 
signal durations was again greater when the SO Hz wide filters were used than 
when the 200 Hz wide filters were employed. This difference increased as 
signal duration increased from 5 msec to 20 msec, decreased as signal duration 
increased from 20 msec to 100 msec, and, finally, increased as signal duration 
increased from 100 msec to SOO msec. The difference obtained for signal 
durations greater than SOO msec was relatively constant. 
The findings of this study when the 200 Hz bandpass filters were 
employed to shape the stimuli may be summarized as follows. 
l} The functions relating detection performance for both 
homophasic and antiphasic conditions to signal duration 
obtained when the masker was continuous seemed to show 
definite changes of slope at a signal duration of SO msec. 
2) When the masker was pulsed the homophasic function seemed 
to have a relatively constant slope across the entire 
range of signal durations. 
3) The slope of the function obtained in the antiphasic 
condition with a pulsed masker was very steep between 
signal durations of SOO msec and 20 msec, became 
flatter for signal durations of 20 msec and 10 msec, and, 
finally, increased slightly as signal duration decreased 
to S msec. 
4) For signal dlirations of 20 msec or less, homophasic 
detection performance was better-when the masker 
was pulsed than when it was continuous. For signal 
durations of SO msec or more, however, the reverse 
was true. 
S) Finally, the MLD obtained in the continuous masker 
c9ndition was relatively constant, whereas that 
~ obtained with a pulsed masker changed markedly as 
a function of signal duration due to changes in the 
detection performance obtained in the antiphasic 
condition. 
The following general statements can be made regarding detection 
performance obtained when the SO Hz bandpass filters were employed. 
1) The slope of the functions relating detection performance 
obtained in homophasic and antiphasic conditions to 
signal duration obtained when the masker was continuous 
seemed to change at signal durations of 50 msec and 
20 msec. 
2) When the masker was pulsed, the slope of the function 
obtained in the homophasic condition seemed relatively 
constant for signal durations greater than 20 msec and 
seemed to increase for signal· durations less than 
20 msec. 
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3) When the pulsed masker was employed in the antiphasic 
condition, the resulting function seemed to have a 
steep slope between signal durations of 500 msec and 
100 msec. This slope became flatter for signal 
durations between 100 msec and 20 msec, and, finally, 
increased slightly for signal durations less than 
20 msec. 
4) Homophasic detection performance obtained with the 
pulsed masker was superior to that obtained with 
the continuous masker over the whole range of signal 
durations. This difference in performance was 
greatest for a signal duration of 5 msec and decreased 
as signal duration increased. 
5) Finally, the MLD obtained with the continuous masker 
was relatively constant, whereas that obtained with 
the pulsed masker changed greatly as a function of 
signal duration, again due to changes in antiphasic 
detection performance. 
These same findings may be summarized in a different way to reveal more 
clearly the effects of the ~ of masker employed on detection performance. 
When the continuous masker was employed, the findings were as follows. 
1) For both homophasic and antiphasic masking conditions, 
detection performances obtained with the 200 Hz wide 
filters for signal durations of 10 msec or less was 
better than that obtained for these signal durations 
0 
with the 50 Hz wide filters. However, for signals of 
20 msec or longer, the reverse was true. 
2) This difference for long signal durations was 
relatively constant in the homophasic conditions, 
but seemed to increase as signal duration increased 
to 500 msec in the antiphasic condition. 
The conditions in which the masker was pulsed yielded the following 
results. 
1) Detection performance obtained when the 50 Hz 
wide filters were employed was better than that 
obtained with the 200 Hz wide filters for both 
homophasic and antiphasic conditions over the 
entire range of signal duration. 
2) This difference increased in the homophasic 
condition as signal duration increased from 
5 msec to 20 msec and was relatively constant 
for durations greater than 20 msec. 
3) For the antiphasic condition, the difference 
in detection performance obtained with the two 
filters increased as signal duration increased 
from 5 msec to 10 msec, and then decreased as 
the duration of the signal increased further to 
100 msec. The difference increased again between 
signal duration of 100 msec and 500 msec, and, 
finally, remained relatively constant as the 
duration of the signal increased. 
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CHAPTER FOUR 
DISCUSSION 
Two sets of filters must be considered when the data are interpreted, 
the internal filters assumed to be employed by the auditory system in the 
detection task, and the external filters used to shape the stimuli. Thus, a 
change in the slope of the function relating detection performance to signal 
duration which may have occurred at short signal durations could have been due 
to the loss of signal energy as the bandwidth of the signal exceeded either 
the bandwidth of the internal filter or the bandwidth of the external filter. 
Obviously in any given masking condition, the narrower of these two sets of 
filters determined the duration at which the slope of the function relating 
detection performance to signal duration increased. 
The upper two curves of Figure 14 illustrate the effect of changing the 
bandwidth of the stimuli from 50 Hz to 200 Hz on the function relating 
detection performance to signal duration in a homophasic masking situation 
when a continuous masker was employed. At long signal durations, such a 
widening of the bandwidth of the external filter does not affect the energy of 
the signal reaching the auditory system, although it does increase the total 
noise by 6 dB. As Fletcher (1940) discovered, increasing the total noise 
power by increasing the bandwidth of the noise does not affect detection 
performance unless the bandwidth of the noise is less than the critical band. 
Since detection performance for signal durations greater than 20 msec was 
better when the external bandwidth was narrowed to 50 Hz, the bandwidth of the 
auditory system must have been greater than 50 Hz. For signal durations 
greater than 50 msec, the separation of the two curves is rather constant and 
and averages 2.76 dB rather than 6 dB. Therefore, the internal bandwidth must 
54 
55 
be less than 200 Hz. If a rectangular shape is assumed for the internal 
filter, a 2.76 dB increase in total noise power corresponds to an internal 
bandwidth of about 95 Hz. This value is exactly the same as the average 
estimate of the critical band width obtained by Swets, ~al. (1962) under the 
same assumption of filter shape. 
It may be recalled that the slope of the curves fitted by Blodgett, et al. 
(1958) to the data which they obtained using a broad-band masker in homophasic 
and antiphasic conditions increased for signal durations between 50 msec and 
15 msec and again for signal durations between 15 msec and 5 msec. The 
authors interpreted the low slope of tnese curves for signal durations greater 
than 50 msec as indicating the inability of the auditory system to perfectly 
integrate signal power over such long durations. For signal durations less 
than 15 msec, Blodgett, et al. proposed that the bandwidth of the signal had 
exceeded that of the auditory system, resulting in a loss of effective signal 
energy and a corresponding increase in the rate at which detection performance 
changed.4 In view of these findings, the slope of the functions obtained in 
the present study might have been expected to change near a signal duration 
of 50 msec and also near some signal duration less than 50 msec. The duration 
at which this latter change in slope occurred would depend on the width of the 
external filter employed and the width of the internal filter for that 
detection task. 
Since the internal bandwidth in the present study has been estimated to be 
about 95 Hz when a continuous masker was employed in the homophasic masking 
condition, a slight increase in the slope of the function obtained in these 
conditions might have been expected for signal durations less than about 100 msec. 
It is therefore somewhat surprising that the slope of this function appeared to 
be constant for signal durations less than 50 msec when the 200 Hz wide filters 
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were employed. The reason for this lack of change in slope for signal durations 
less than 50 msec is not clear. When the 50 ~z wide filters were employed, 
the slope of this function increased for signal durations less than 20 msec. 
This increase in slope seems to be the result of the loss of effective signal 
energy which occurred when the bandwidth of the_signal exceeded the external 
bandwidth at these short signal durations. 
As shown by the lower two curves of Figure 14, the effect of increasing 
the bandwidth of the stimuli from 50 Hz to 200 Hz when a continuous masker was 
employed in the antiphasic conditions was similar to that obtained in the homo-
phasic conditions. For signal durations greater than 20 msec, detection 
performance was better when the 50 Hz bandpass filter was employed. This 
finding indicates that the bandwidth of the auditory system for this antiphasic 
condition was greater than 50 Hz. It is not apparent why the separation of 
these two curves increased steadily as signal duration increased beyond 50 msec 
reaching a maximum of about 6.88 dB at a signal duration of 500 msec. It may 
bf concluded, however, from the maximum separation that the width of the 
internal filter in this task was at least 200 Hz. 
Since the internal bandwidth of the auditory system in the antiphasic 
condition has been estimated to be greater than 200 Hz when a continuous masker 
was employed, the interaction of the bandwidth of the signal with that of the 
internal filter would not be expected to result in a change in the slope of the 
function at any signal duration greater than 5 msec. The constant slope of 
the function obtained in the antiphasic condition for signal durations less 
than 50 msec when the 200 Hz bandpass filters were employed with the continuous 
masker was, therefore, to be expected. The increase in the slope of the 
corresponding function obtained with the 50 Hz bandpass filters for signal 
durations less than 20 msec was expected since for these durations the 
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bandwidth of the signal exceeded the bandwidth of the external filters. 
In Figure 15 are presented the functions relating detection performance 
to signal duration in homophasic and antiphasic masking conditions for 
external filter bandwidths of 50 Hz and 200 Hz when the masker was a pulsed 
poise. In the homophasic conditions detection performance was consistently 
better when the 50 Hz bandpass filters were employed than when the 200 Hz 
bandpass filters were used. Again, this finding may be interpreted as 
indicating that the width of the internal filter for this detection task 
exceeded 50 Hz. The difference in detection performance obtained under the 
two filtering conditions was relatively constant for signal durations 
greater than 20 msec and averaged 5.81 dB. Using the same argument as applied 
earlier to the difference in detection performance obtained when the masker 
was continuous, the bandwidth of the system in the present case may be 
estimated to be approximately 191 Hz. 
Since the bandwidth of the internal filter was estimated to be 191 Hz, 
the relative invariance of the slope of the function obtained for signal 
durations less than 50 msec when the bandwidth of the extneral filters was 
200 Hz is readily explicable. Likewise, the increase in the slope of the 
function obtained with the 50 Hz bandpass filters for signal durations less 
than 20 msec may again be attributed to a decrease in the amount of signal 
energy reaching the auditory system because of an interaction between the 
bandwidth of the signal and the bandwidth of the external filter. When 
either external filter was employed with a continuous masker, the slope of 
the function obtained in homo~hasic conditions increased near a signal 
duration of 50 msec. It should be noted, however, that the slopes of the 
corresponding functions obtained with a pulsed masker were relatively 
invariant for signal durations greater than 20 msec. The reason that pulsing 
--· 
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the masker resulted in the disappearance of this particular slope change near 
50 msec is not known. 
When a pulsed masker was employed in the homophasic condition, Dolan 
and Robinson (1972) found that the bandwidth of the stimuli had an effect 
on the shape of the function relating signal detectability to signal duration. 
Specifically, as the duration of the signal was decreased to 5 msec, the 
combination of a 53 Hz bandpass filter and the pulsed masker presentation, 
yielded monotonically increasing signal detectability, while signal 
detectability obtained for all the other combinations of stimulus bandwidth 
and type of masker presentation decreased. These findings were generally 
confirmed in the present study since stimulus bandwidth was found to have a 
large effect on homophasic detection performance at short signal duration. At 
a signal duration of 5 msec, detection performance was greatest when the 50 Hz 
bandpass filter was employed in conjunction with pulsed masker presentation. 
The factors contributing to this effect have been discussed previously. 
It may be noted in Figure 15 that, when the masker was a pulsed noise 
and either the 200 Hz or the 50 Hz bandpass filters were employed, the 
functions relating detection performance to the duration of the signal which 
were obtained in the antiphasic conditions were roughly parallel to the 
corresponding homophasic functions for signal durations less that 20 msec. 
When the 50 Hz bandpass filters were employed, this correspondence continued 
as the duration of the signal increased to 100 msec. Over this region, the 
shape of the antiphasic functions can easily be explained using the same 
approach as was employed in the interpretation of the shape of the homophasic 
functions. That is, a suitable explanation can be made for the changes in 
the slope of these functions in this region on the basis of the interaction of 
the bandwidth of the signal with the bandwidth of the external filter employed 
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and/or with the bandwidth of the internal filter of the auditory system. 
However, the reason for the rapid increase in detection performance which 
occurred in the antiphasic conditions as the duration of the signal exceeded 
20 msec and 100 msec for the functions obtained with the 200 Hz bandpass 
filters and with the SO Hz bandpass filters respectively, is not apparent. 
As pointed out earlier, several investigators (McFadden, 1966; 
Trahiotis, et al., 1972; Robinson & Trahiotis, 1972) have found a decrement in 
detection performance in antiphasic masking conditions with the pulsed 
presentation of the masker. These data also indicated that the magnitude 
of this deterioration increased as the duration of the signal decreased. The 
results of the present study indicate that the relationship between this 
antiphasic "pulsed" effect and the duration of the signal is more complex 
than previously suggested. The function relating antiphasic detection 
performance to signal duration for pulsed maskers when either the SO Hz wide 
filters or the 200 Hz wide filters were employed seems to be composed of 
three regions. The first region extends from a signal duration of 5 msec to 
signal durations of 20 msec and 100 msec for the functions obtained with the 
200 Hz bandpass filters and with the 50 Hz bandpass filters, respectively. 
Over this range of signal durations, these functions are very similar to 
those obtained in homophasic conditions, the only difference being a rather 
constant shift of the functions obtained in the antiphasic conditions toward 
better detection performance. The second segment is that between signal 
durations of 20 msec or 100 msec and a signal duration of SOO msec. In this 
region the functions obtained in antiphasic conditions are very different in 
form from the corresponding functions obtained in homophasic conditions, and 
show a rapid improvement of detection performance. Finally, the third region 
is that for signal durations in excess of 500 msec. In this portion of the 
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functions, a relatively stable level of detection performance has been reached 
and the functions are again similar to the corresponding functions obtained 
in homophasic conditions, and also very similar to the functions obtained with 
.a continuous masker, as might be expected. Thus, at both short and long 
signal durations, the functions relating antiphasic detection performance to 
signal duration were similar to the functions obtained in the corresponding 
homophasic conditions. Over a middle range of signal durations, however, 
the functions obtained in these two phase conditions are very different. 
Robinson and Trahiotis (1972) suggested that there are two important cues 
available to the binaural auditory system in a detection task. The first is 
the initial interaural time delay caused by the addition of the signal to the 
noise, the second the ongoing interaural time shift present for the duratior 
of the signal. The former cue was assumed to be inunediate and relatively 
independent of signal du,ration. The latter cue was assumed to become more 
effective as the duration of the signal increased and to reach a point of 
maximum effectiveness. The functions obtained in the antiphasic conditions of 
the present study when the masker was pulsed seem to indicate that such an 
explanation is appropriate. The clearly delineated regions of these functions 
could be the result of the action of more than one binaural detection cue. 
As mentioned previously the findings of Blodgett,~ al. (1958), and of 
Green (1960) indicated that, when a wide-band continuous masker was employed, 
1;he size of the MLD obtained was constant for most signal durations, but 
increased by about 2 dB for signal durations less than about 15 msec. This 
increase was due to the deterioration of detection performance in the homophasic 
masking condition at short signal durations which was apparently caused by the 
widening of the bandwidth of the signal beyond that of the internal filter. 
That this deterioration did not occur in the antiphasic conditions was taken to 
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be evidence of the wider bandwidth proposed for the binaural detection process. 
In the present experiment when the 50 Hz wide filters were used in 
conjunction with the continuous masker, the size of the MLD was constant 
over the entire range of signal durations. The discrepancy between these data 
~d those of Blodgett, et al. (1958) and those of Green (1960) at short signal 
durations seems to be the result of the use of the narrow bandpass filter in 
the present study. The estimated bandwidths of the auditory system for both 
homophasic and antiphasic conditions were much wider than the bandwidth of the 
external filters employed in these conditions. As a result, the changes in the 
slopes of the functions relating detection performance to signal duration 
wnich occurred at short signal durations in both the haaophasic and the 
antiphasic conditions were the result of the interaction of the bandwidth of 
the signal with the bandwidth of the external filter, and were, therefore, the 
same. Therefore, there was no change in the size of the MLD at short s_ignal 
durations. 
When the 200 Hz wide filters were employed and the masker was a continuous 
noise, the size of the MLD was again relatively constant over the entire range 
of signal durations. In this case, however, the width of the external filter 
was greater than the estimate of the bandwidth of the auditory system in the 
homophasic condition. Therefore, an increase in the size of the MLD resulting 
from a decay in detection performance in the homophasic condition might have been 
expected for signal durations less than 10 msec. No change in the size of 
the MLD was found at such short signal durations, however, since the slope of 
the function relating detection performance to signal duration in the homo-
phasic condition did not increase. As mentioned above, there is no clear 
explanation for this apparent lack of interaction between the bandwidth of the 
signal and the bandwidth of the internal filter in this condition for such 
short signal durations. 
The variations in the size of the MLD obtained when a pulsed masker was 
employed were, in general, consistent with the data obtained by McFadden (1966), 
Trahiotis, et al. (1972), and Robinson and Trahiotis (1972). It should be 
noted that, just as in those earlier data, the changes in the MLD were for the 
most part caused by changes in antiphasic detection performance rather than by 
changes in homophasic detection performance. 
CHAPTER FIVE 
SUMMARY AND CONCLUSIONS 
This study was an investigation of the effects of varying the interaural 
phase relations, the type of masker presentation, and the stimulus bandwidth on 
the function relating detection performance to signal duration. Two interaural 
phase relations, NOSO (homophasic} and NOS~ (antiphasic), two types of masker 
presentation (continuous and pulsed}, two stimulus bandwidths (SO Hz and 200 Hz}, 
and seven signal durations (S, 10, 20, SO, 100, 500, and 1000 msec} were 
employed. A two-alternative temporal forced-choice (2ATFC) technique was 
employed to obtain a value of 10 log (P /N ) necessary for a P(c) of 80 in 
s 0 
each experimental condition. The results of this study may be summarized as 
follows: 
l) When a continuous masker was employed with either pair of bandpass 
filters, the functions relating detection performance to signal 
duration obtained in either the homophasic or the antiphasic 
condition exhibited changes in slope near a signal duration of 
SO msec. When the SO Hz bandpass filters were employed with the 
continuous masker, the function obtained in either the homophasic 
or the antiphasic condition also exhibited a change in slope near 
a signal duration of 20 msec. 
2) When the pulsed masker was employed with the 200 Hz bandpass 
filters, the slope of the function obtained in the homophasic 
condition was relatively constant throughout the entire range of 
signal durations. When the pulsed masker was employed with 
the SO Hz bandpass filters, however, the slope of the function 
obtained in the homophasic condition was constant for signal 
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durations greater than 20 msec and increased for signal 
durations less than 20 msec. 
3) When the pulsed masker was employed with the 200 Hz bandpass 
filters, the form of the function obtained in the antiphasic 
condition was similar to that of _the function obtained in 
the corresponding homophasic condition for signal durations 
less than 20 msec and greater than 500 msec. The slope of 
the function obtained in the antiphasic condition was much 
greater than that of the function obtained in the 
corresponding homophasic condition for the range of signal 
durations between 20 msec and 50 msec. When the pulsed 
masker was employed with the 50 Hz bandpass filters, the 
form of the function obtained in the antiphasic condition 
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was similar to that obtained in the corresponding homophasic 
condition for signal durations less than 100 msec and greater 
than 500 msec. The slope of the function obtained in the 
antiphasic condition was much greater than that of the 
function obtained in the corresponding homophasic condition 
between signal durations of 100 msec and 500 msec. 
4) When the 200 Hz bandpass filters were employed, homophasic 
detection performance for signal durations of 20 msec or less 
was better when the masker was pulsed than when it was 
continuous. For signal durations of 50 msec or more, however, 
the reverse was true. When the 50 Hz bandpass filters were 
employed, homophasic detection performance obtained with the 
pulsed masker was superior to that obtained with the continuous 
masker over the entire range of signal durations. 
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5) When either pair of bandpass filters was employed, antiphasic 
detection performance obtained with the continuous masker 
was superior to that obtained with the pulsed masker throughout 
the entire range of signal durations. 
6) When the continuous masker was eil!Ployed, in both homophasic 
and antiphasic conditions detection performance obtained with 
the 200 Hz bandpass filters was superior to that obtained with 
the 50 Hz bandpass filters for signal durations of 10 msec or 
less. However, for signals 20 msec or longer, the reverse was 
true. 
7) When the pulsed masker was employed, detection performance ob-
tained with the 50 Hz bandpass filters was superior to that 
obtained with the 200 Hz bandpass filters in both homophasic 
and antiphasic conditons over the entire range of signal 
durations. 
8) When either pair of bandpass filters was employed, the MLD 
obtained with the continuous masker was relatively constant 
over the entire range of signal durations. When the masker 
was pulsed, however, the MLD varied greatly as a function of 
signal duration due to changes in antiphasic detection 
performance. 
From the results the following conclusions can be made: 
1) Most of the changes in the slope of the functions relating 
detection performance to signal duration which occur for 
signal durations less than 50 msec can be explained through 
consideration of the interaction of the bandwidth of the 
signal with the internal bandwidth of the auditory system 
and/or the bandwidth of the external fi1ter employed to 
shape the stimuli. 
2) In the homophasic detection task, pulsing the masker 
seems to double the bandwidth of the auditory system. 
3) And, finally, the changes in antiphasic detection 
performance resulting from pulsing the masker seem to 
indicate a dual mechanism underlying binaural detection. 
This mechanism is perhaps analogous to that proposed 
by Robinson and Trahiotis (1972). 
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FOOTNOTES 
1. A true sine wave has no beginning and no end. A1.l of the energy of 
such a sinusoid is concentrated at a single frequency. In actuality, however, 
sinusoidal waveforms do have a beginning and an end. 'Ibis gating of a tone 
results in the spreading of energy to frequencies above and below the frequency 
of the signal. One way of specifying the bandwidth of such a pulsed tone is 
to determine the frequencies, above and below the signa1 frequency, at which 
the signal power has dropped 3dB from its peak value at the signal frequency. 
The width of such a frequency band is approximately equa1 to the reciprocal 
of the signal duration (l/T). Since lowering the power of the signal by 3dB 
is decreasing the power by one half, the bandwidth of a signal determined in 
this way is called the half-power bandwidth. 
2. In regard to the diverse estimates of the width of the critical band, 
swets, Green, and Tanner (1962) point out that "it seems unlikely that all of 
these experiments are measuring the critical band, a fixed property of the 
auditory system that exists independent of experiments. It seems more reason-
able to suppose that the parameters of the auditory system are not fixed, 
specifically, that they may vary from one sensory task to another under 
intelligent control." 
3. A distinction must be made at this point between detection performance 
and signal detectability. Detection performance as used here refers to a 
human observer's performance in a detection task as measured by percent correct, 
signal-to-noise ratio at threshold, etc. When the signa1-to-noise ratio nec-
essary for a particular level of performance changes by some number of decibels, 
detection performance is described in the text as changing by that amount even 
though the level of performance was actually held constant. 
72 
Signal detectability, however, is an inherent property of the signal in a 
detection task. In the text signal detectability is discussed only for the 
studies which employ a measure of signal detectability, d', as the dependent 
variable. The development of this measure is based on the Theory of Signal 
Detectability. Since a review of this theory is beyond the scope of this paper 
the interested reader is referred to Green and Swets (1966). 
4. Effective signal energy is here taken to mean that portion of the 
energy of the signal which contributes to the detection process. 
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TABLE 1 
The Values of 10 Log E/N (S/N) Employed and the Values of Percent 
Correct [P(c)] in %ie 2ATFC Task Obtained for Observer 
One in Each of the 56 Experimental Conditions 
50 Hz Filter 
Pulsed Continuous 
N S N0 S'll' NS N0 S'll' 0 0 0 0 
5 msec S/N P (c) S/N P (c) S/N P (c) S/N P(c) 
5 87.8 4 89.9 14 91.4 -2 77.3 
3 74.0 2 85.0 12 79.9 -4 66.2 
1 68.0 0 78.7 10 70.4 -6 57.0 
10 msec S/N P (c) S/N P (c) S/N P (c) S/N P(c) 
4 92.0 -1 85.6 11 86.8 -3· 87.4 
2 83.l -3 81.5 9 75.0 -5 73.0 
0 76.8 -5 77.7 7 65.0 -7 67.0 
20 msec S/N P (c) S/N P le) S/N P(c) S/N P(c) 
3 81·. 7 -1 91.2 9 87.8 -6 76.5 
l 78 .• 6 -3 74.S 7 67.8 -8 76.2 
-1 68.7 -5 77.6 5 65.4 -10 59.8 
-7 64.7 
50 msec S/N P (c) S/N P (c) S/N P(c) S/N P (c) 
6 91.9 3 93.6 8 89.0 -7 92.l 
4 75.3 l 94.3 6 75.l -9 78.2 
2 70.7 -1 86.3 4 61.l -11 64.4 
-3 79.0 
100 msec S/N P (c) S/N P (c) S/N P(c) S/N P (c) 
7 86.2 3 94.3 9 79.4 -4 81.5 
5 76.2 l 88.7 7 73.l -6 70.6 
3 71.8 -1 87.4 5 67.8 -8 66.2 
500 msec S/N P (c) S/N P (c) S/N P(c) S/N P (c) 
13 97.0 -1 88.7 12 79.2 -5 0·0.1 
11 94.2 -3 80.2 10 74.0 -7 76.0 
9 76.5 -5 79.4 8 60.2 -9 69.2 
7 64.6 -7 63.l 
1000 msec S/N P (c) S/N P (c) S/N P(c) S/N P (c) 
14 86.l 5 85.9 15 94.3 0 90.5 
12 76.9 3 72.6 13 83.4 -2 78.4 
10 64.7 l 60.0 11 62.l -4 76.3 
-1 69.9 
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TABLE I (cont'd) 
200 Hz Filter 
Pulsed Continuous 
NS N S HS N0 S1T 0 0 0 1T Oo 
5 msec S/N P (c) S/N P (c) S/H P(c) S/N P (c) 
8 88.0 5 81.4 10 87.3 
-4 81.4 
6 74.S 3 77.3 8 72.6 
-6 80.0 
4 71.8 1 68.4 6 67.2 
-8 61.2 
10 msec S/N P (c) S/N P (c) S/H P (c) S/N P{c) 
10 95.2 8 92.6 9 91.4 
-4 87.3 
8 83.2 6 86.0 7 74.6 
-6 68.0 
6 80.2 4 79.l 5 62.9 
-8 58.6 
20 msec S/N P (c) S/N P (c) S/H P(c) S/N P {c) 
12 83.9 10 93.S 10 90.3 
-4 94.8 
10 84.S 8 77.8 8 75.8 
-6 72.4 
8 76.0 6 79.9 6 63.8 -8 56.2 
6 66.0 4 68.8 
50 msec S/N P (c) S/N P(c) S/H P (c) S/N P (c) 
12 91.5 10 89.2 10 80.3 -4 92.4 
10 78.3 8 76.7 8 68.2 -6 57.8 
8 65.2 6 74.6 6. 60.4 -8 57.4 
100 msec S/N P (c) S/N P (c) S/N P{c) S/N P (c) 
13 88.3 12 88.8 12 92.S 1 91.7 
11 71.6 10 87.9 10 72.4 -3 88.9 
9 . 65.8 8 70.S 8 61.S -s 61.7 
500 msec S/N P (c) S/N P(c) S/N P(c) S/N P(c) 
15 70.2 9 70.3 16 92.9 4 76.3 
13 60.l 7 60.S 14 83.5 -2 . 71.0 
11 56.6 5 55.2 12 58.l 0 58.9 
1000 msec S/N P (c) S/N P (c) S/N P(c) S/N P(c) 
20 94.3 14 89.9 18 91.l 8 85.3 
18 78.1 12 70.8 16 75.3 6 69.3 
17 56.4 10 62.S 14 55.9 4 59.4 
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TABLE II 
The Values of 10 Log E/N0 (S/N) Employed and the Values of Percent Correct [P(c)] in the 2ATFC Task Obtained for Observer 
Two in Each of the 56 Experimental Conditions 
50 Hz Filter 
Pulsed Continuous 
N S N0 S'IT N S NS 0 0 oo 0 'IT 
5 msec S/N P (c) S/N P (c) S/N P (c) S/N P (c) 
5 87.3 4 92.1 14 87.2 -4 94.0 
3 75.0 2 86.l 12 80.8 -6 88.8 
1 66.9 0 82.1 10 67.0 -8 82.6 
10 msec S/N P (c) S/N P (c) S/N P(c) S/N P (c) 
4 83.0 -1 89.2 11 90.0 -8 92.9 
2 73.S -3 79.2 9 84.0 -10 83.9 
0 66.S -5 77.8 T 69.S -12 73.2 
-2 60.8 
20 msec S/N P (c) S/N P (c) S/N P (c) S/N P (c) 
3 84.3 -1 96.9 9 91.S -11 89.1 
1 75.0 -3 89.6 7 95.3 -13 78.3 
-1 73.l -5 81.2 5 63.0 -15 71.5 
50 msec S/N P (c) S/N P (c) S/N P (c) S/N P (c) 
6 89.1 3 93~6 8 92.7 -11 90.8 
4 82.0 1 94.3 6 83.6 -13 83.9 
2 71.3 -1 86.3 4 70.9 -15 76.2 
-3 79.0 
100 msec S/N P (c) S/N P (c) S/N P (c) S/N P (c) 
7 88.4 3 95.1 9 91.3 -10 97.0 
5 80.0 1 91.9 7 83.2 -12 92.1 
3 68.7 -1 87.1 5 68.1 -14 80.4 
500 msec S/N P (c) S/N P (c) S/N P (c) S/N P (c) 
11 88.9 -1 92.0 10 86.9 -9 94.1 
9 80.6 -3 66.7 8 74.7 -11 75.1 
7 70.9 -5 69.4 6 57.6 -13 81.3 
-7 62.4 -15 66.5 
1000 msec S/N P (c) S/N P (c) S/N P (c) S/N P (c) 
14 86.6 3 90.8 13 89.6 -6 91.3 
12 71.8 -1 87.0 11 76.6 -8 76.8 
10 75.9 -1 82.0 9 67.0 -10 70.8 
8 66.4 
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TABLE II (cont'd) 
200 Hz Filter 
Pul.sed Continuous 
N S N0 S'IT NS NS 0 0 oo 0 'IT 
5 msec S/N P (c) S/N P (c) S/N P(c) S/N P (c) 
4 76.8 5 88.6 10 92.7 -8 92.0 
2 66.0 3 87.4 8 81.4 -10 81.1 
0 62.5 1 78.0 6 69.3 -12 72.3 
10 msec S/N P (c) S/N P (c) S/N P(c) S/N P {c) 
6 87.8 2 90.8 9 89.0 -8 95.7 
4 71.4 0 89.9 7 79.1 -10 89.1 
2 68.2 -2 79.0 5 65.9 -12 73.1 
20 msec S/N P (c) S/N P (c) S/N P(c) S/N P (c) 
8 72.9 4 82.5 10 90.3. -10 82.9 
6 71.1 2 77.4 8 79.6 -12 66.3 
4 58.6 0 69.4 6 59.8 -14 55.6 
50 msec S/N P (c) S/N P (c) S/N P{c) S/N P {c) 
11 90.5 -5 86.7 10 94.3 -9 92.3 
9 83.3 -7 77.1 a.. 77.4 -11 77.4 
7 65.2 -9 63.5 6 66.9 -13 64.5 
100 msec S/N P(c) S/N P{c) S/N P(c) S/N P (c) 
13 95.0 -6 94.8 10 94.8 -7 97.0 
11 81.2 -8 83.6 8 80.7 -9 86.4 
9 68.6 -10 68.8 6 61.0 -11 68.6 
500 msec S/N P (c) S/N P (c) S/N P (c) S/N P (c) 
14 91.6 -5 94.7 12 94.4 -3 97.0 
13 80.0 -7 86.3 10 84.4 -5 89.5 
12 64.8 -9 80.l 8 66.6 -7 76.3 
1000 msec S/N P (c) S/N P (c) S/N P(c) S/N P (c) 
16 92.2 -2 95.6 14 94.0 -3 89.3 
14 80.6 -4 83.3 12 79.7 -4 76.1 
12 65.3 -6 69.8 10 63.0 -5 67.0 
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TABLE III 
The Values of 10 Log E/N (S/N) Employed and the Values of Percent 
. Correct [P(c)] in ~e 2ATFC Task Obtained for Observer 
Three in Each of the 56 Experimental Conditions 
SO Hz Filter 
Pulsed Continuous 
NS N
0
S7T NS N0 S7T 0 0 0 0 
5 msec S/N P (c) S/N P (c) S/N P(c) S/N P (c) 
5 84.4 4 85.4 14 90.2 -2 80.6 
3 78.6 2 76.9 12 79.6 -4 69.3 
l 66.l 0 74.9 10 67.3 -6 65.7 
10 msec S/N P(c} S/N P (c) S/N P (c) S/N P (c) 
4 91.l 1 89.5 11 86.0 -3 95.4 
2 84.9 -l 78.6 9 82.9 -5 88.5 
0 73.0 -3 74.7 . 7 65.0 -7 80.9 
-5 75.5 
20 msec S/N P (c) S/N P (c} S/N P(c) S/N P (c) 
3 81.l -1 75.9 9 89.4 -6 90.4 
l 77.7 -3 74.0 7 80.3 -8 80.3 
-1 70.7 -5 66.0 5 64.5 -10 70.2 
50 msec S/N P (c) S/N P (c) S/N P (c) S/N P(c) 
6 89.5 3 91. 7 8 83.8 -7 90.9 
4 81.6 1 82.4 6 72. 7 -9 83.7 
2 74.2 -1 81.5 4 68.6 -11 70.8 
-3 76.1 
100 msec S/N P (c) S/N P (c) S/N P (c) S/N P (c) 
7 85.4 7 86.0 9 89.3 -6 86.7 
5 72.7 5 82.9 7 76.6 -8 84.5 
3 64.9 3 76.0 5 72.4 -10 82.3 
500 m8ec S/N P (c) S/N P (c} S/N P(c) S/N P (c) 
13 90.7 1 69.2 12 85.0 -s 90.3 
11 75.5 -1 63.3 10 77.9 -7 76.3 
9 69.3 -3 66.5 8 66.2 -9 71.l 
7 65.9 -5 59.0 
1000 msec S/N P(c} S/N P (c} S/N P(c) S/N P (c) 
14 83.4 3 70.5 15 85.6 0 85.8 
12 79.l 1 64.6 13 75.6 -2 82.3 
10 . 70.6 -1 61.9 11 58.9 -4 73.8 
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TABLE III (cont'd) 
200 Hz Filter 
Pulsed Continuous 
NS NS NS NS 
0 0 0 1T 0 0 0 1T 
5 msec S/N P (c) S/N P (c) S/N P(c) S/N P (c) 
8 79.2 5 72.l 10 92.7 -4 89.2 
6 75.l 3 69.S 8 71.l -6 85.3 
4 64.7 l 68.3 6 62.8 -8 62.8 
10 msec S/N P (c) S/N P (c) S/N P{c) S/N P (c) 
10 87.2 8 96.2 9 82.6 -4 96.3 
8 80.8 6 81.6 7 67.7 -6 73.8 
6 73.S 4 73.l 5 60.8 -8 69.S 
2 70.6 
20 msec S/N P (c) S/N P (c) S/N P (c) S/N P (c) 
12 95.8 8 93.6 10 79.3 -6 85.6 
10 88.1 6 85.1 8 59.3 -8 76.7 
8 84.3 4 76.2 6 58.S -10 59.S 
SO msec S/N P (c) S/N P (c) S/N P (c) S/N P (c) 
12 82.0 10 85.1 10 84.9 -4 96.3 
10 76.S 8 82.2 8 72.0 -6 93.3 
8 65.3 6 72.1 6 59.5 -8 73.2 
100 msec S/N P (c) S/N P (c) S/N P(c) S/N P (c) 
15 95.3 0 80.0 12 94.8 -3 93.0 
13 79.6 -2 66.9 10 80.4 -5 83.3 
11 72.2 -4 59.2 8 59.9 -7 66.8 
500 msec S/N P (c) S/N P (c) S/N P(c) S/N P (c) 
17 74.2 1 97.2 14 89.9 1 90.0 
15 68.0 -1 81.8 12 71.3 -1 75.8 
13 58.l -3 63.4 10 57.1 -3 66.S 
1000 msec S/N P(c) S/N P (c) S/N P(c) S/N P (c) 
22 91.9 8 86.1 18 87.7 4 96.6 
20 84.9 6 81.0 16 76.8 2 80.3 
18 67.5 4 65.7 14 55.5 0 58.8 
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TABLE IV 
The Values of 10 Log E/N0 (S/N) Employed and the Values of Percent 
Correct [P(c)] in the 2ATFC Task Obtained for Observer 
Four in Each of the 56 Experimental Conditions 
50 Hz Filter 
Pulsed Continuous 
NS N0 S1T NOSo N0 S1T 0 0 
Sc msec S/N P (c) S/N P (c) S/N P(c) S/N. P (c) 
5 88.9 4 94.7 14 88.4 -2 89.8 
3 78.8 2 87.2 12 79.4 -4 72.2 
1 69.9 0 80.5 10 66.2 -6 73.5 
10 msec S/N P(c) S/N P (c) S/N P (c) S/N P {c) 
4 93.2 -1 81.6 11 88.5 -3 92.2 
2 82.3 -3 75.1 9 84.9 -s 87.0 
0 79.0 -s 68.8 7 71.8 -7 77.6 
20 msec S/N P (c) S/N P (c) S/N P(c) S/N P(c) 
3 90.7 -1 92.0 9 91.7 -8 90.2 
1 76.1 -3 82.2 7 81.9 -10 85.3 
-1 75.9 -s 75.6 5 65.9 -12 62.6 
50 msec S/N P (c) S/N P (c) S/N P(c) S/N P {c) 
6 91. 7 3 92.4 8 95.3 -11 81.4 
4 86.0 1 84.9 6 84.7 -13 67.9 
2 77.5 -1 83.l 4 75.5 -15 59.6 
-3 76.7 
100 msec S/N P (c) S/N P (c) S/N P (c) S/N P (c) 
7 92.0 3 90.3 9 90.8 -10 75.4 
5 83.1 1 80.8 7 81.4 -12 69.6 
3 77.0 -1 75.8 5 73.2 -14 57.9 
500 msec S/N P (c) S/N P (c) S/N P(c) S/N P (c) 
11 88.2 -1 90.6 12 94.9 -9 91.0 
9 81. 7 -3 80.7 10 86.3 -11 74.0 
7 73.0 -s 64.3 8 72.4 -13 60.4 
-7 61. 7 
1000 msec S/N P (c) S/N P (c) S/N P(c) S/N P (c) 
14 96.8 3 96.2 13 79.9 -2 79.6 
12 83.3 1 90.7 11 66.6 -4 64.0 
10 75.4 -1 65.2 9 65.2 
-6 59.l 
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